A fully programmable multifunction filter is presented. The filter uses four operational transconductance amplifiers and two capacitors. Analog switches are used to control the filter transfer function through a microcontroller. The user is provided control over the cutoff (or centre) frequency of the filter by controlling the auxiliary bias currents of the operational transconductance amplifiers via digital-toanalog converters. The circuit can simultaneously provide three programmable transfer functions in a single structure and can realize all the standard second-order filters. The circuit is attractive for VLSI implementation.
INTRODUCTION
In a recent publication, Wu and Xie [1] proposed a new multifunction active filter using operational transconductance amplifiers (OTAs). The proposed circuit requires only four OTAs and can realize all second-order functions, namely, lowpass (LPF), highpass (HPF), bandpass (BPF), bandeliminate (BEF) and allpass (APF) transfer functions. A very attractive feature of the circuit is that three outputs are simultaneously available from a single structure. Thus, realization of three different filter transfer functions using a single OTA-based circuit is feasible.
On the other hand, the advancement of VLSI technology has increased the density of integration and reduced the size of the circuitry to a large extent. Nowadays, a complete system on a single-chip is highly desirable. Such a system may include both digital and analog circuits.
The major intention of the present paper is, therefore, to investigate the feasibility of using the proposed circuit of Wu of this paper is to investigate the feasibility of obtaining programmable multifunction realization using the circuit of Fig. 1 as a basic building block. Thus, only the three possible realizations that yield three transfer functions simultaneously will be considered in the following investigation. These realizations are summarized in Table I . A "0" in the input column of Table I indicates the corresponding input is connected to ground while a "1" indicates it is connected to the signal source. For the allpass filter realization obtained with inputs 10110, the condition of realization is g g2. From Table I , one can see that a particular filter realization can be obtained by properly connecting the input terminals to the signal source or to the ground.
A programmable implementation for connecting input terminals to signal source or to ground is shown in Fig. 2 
SOFTWARE
The software for the system has been developed in the assembly language of the microcontroller. The flowchart in Fig. 3 outlines the routines involved. In all of the menu routines, the user can at any time exit to the previous menu, and subsequently to main menu, where a change in the filter realization can be achieved. Thus, the software offers the user complete control over filter operation. Since the microcontroller is not involved in the actual frequency determination, there is no limitation on the input signal frequency except that imposed by the OTAs.
CONCLUSION
In this paper, a programmable multifunction filter has been presented. The proposed filter can provide three filter functions simultaneously. The filter functions as well as the parameters of the filter can be programmed using a microcontroller. It must be mentioned here that not all the functions of the microcontroller are used. Thus, it is possible to incorporate the filter circuit on the microcontroller chip. This way the unused area of the chip can be efficiently utilized to get a filter embedded in the microcontroller chip.
The proposed programmable filter is very attractive for CMOS VLSI implementation. This is attributed mainly to the use of minimum number of resistors; only four resistors for auxiliary bias current control.
